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Detection of Measles Virus mRNA from Autopsied Human Tissues
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By reverse transcription-PCR, measles virus (MV) mRNA was detected in the brain, kidney, spleen, liver,
and lung tissues obtained from 23 (45.1%) of 51 autopsy subjects, with the detection rates of each tissue
ranging from 8 to 20%. Sequence analysis revealed frequent mutations in the corresponding viral protein.
These results suggest that MV mutants commonly persist in apparently healthy individuals.

Measles virus (MV) is the causative agent of acute measles
in young children worldwide. Although homotypic serologi-
cally, MV exhibits a considerable degree of genetic diversity
and can be classified into a number of phylogenetic groups (10,
19). Besides this genetic diversity, another kind of MV muta-
tion has been identified. Persistent infection of particular MV
mutants in the brain is known to result in a rare but incurable
disease called subacute sclerosing panencephalitis (SSPE) (5,
7, 20). It is generally believed that, except for the rare cases of
SSPE, MYV is eliminated from infected individuals by potent
anti-MV immunity after recovery from acute measles. How-
ever, our previous study showed that, by using a reverse tran-
scription (RT)-PCR method, MV mRNA was detected in 11
(18%) of 61 brain tissue samples obtained from autopsy sub-
jects who had not exhibited SSPE-like symptoms (9). This
result suggests the possibility that MV persists in apparently
healthy individuals. The question of whether MV mRNA was
present in human tissues other than the brain was then raised.
To address this question, we obtained various tissues from
autopsy subjects and tried to detect MV mRNA by RT-PCR.
We report here that MV mRNA was detected not only in the
brain but also in other human tissues, such as kidney, spleen,
liver, and lung.

Human tissues were obtained from 51 autopsy subjects
(within 24 h postmortem) during the period between April and
December 1995. The autopsy subjects consisted of 33 males
and 18 females, with a mean age of 54.3 years (range, 4 months
to 88 years). The tissue samples were stored at —130°C until
RT-PCR analysis was performed. Extraction of RNA and de-
tection of MV nucleoprotein mRNA were performed as de-
scribed previously (9). Briefly, 10 pg of total RNA extracted
from the tissue samples was reverse transcribed into cDNA by
using MV-specific primer NP4. The resultant cDNA was am-
plified by using a set of outer primers (NP1 and NP4) in the
first round of PCR and a set of inner primers (NP2 and NP3)
in the second round of PCR. The expected sizes of the frag-
ments amplified by the first- and second-round PCR were 228
(nucleotides 235 to 462, including NP1 and NP4 sequences)
and 149 bp (nucleotides 280 to 428, including NP2 and NP3
sequences), respectively. The PCR products were electropho-
resed and visualized by UV illumination. This RT-PCR
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method was shown to detect MV genomic RNA of as low as 0.5
50% tissue culture-infective dose that had been mixed with
MV-negative tissue samples (data not shown). Nucleotide se-
quences of the second-round PCR products were determined,
as described previously (9, 10, 21).

Consistent with our previous results (9), 10 (19.6%) of 51
brain tissue samples were positive for MV mRNA (Table 1).
Other tissues, such as lung, liver, spleen, and kidney, were also
shown to be positive for MV mRNA, with detection rates of
13.7, 7.8, 10.0, and 17.6%, respectively. There was no signifi-
cant difference in the MV mRNA detection rates for the five
tissues. Of the 51 subjects, 15 (29.4%) had MV mRNA in only
one tissue, while 8 had MV mRNA in two or more tissues. In
total, 23 (45.1%) of the 51 subjects had MV mRNA in at least
one tissue. Inflammatory changes were barely observed in MV
mRNA-positive tissues by ordinary histophological examina-
tions (data not shown). The cause of death of the 23 positive
cases was cardiovascular disorders, such as dissecting aneurysm
and myocardial infarction (12 cases), accidents (6 cases), sud-
den death syndrome (2 cases), chronic obstructive pulmonary
disease (2 cases), and pneumonia (1 case). No significant as-
sociation was observed between an MV mRNA positive result
and the cause of death.

Nucleotide sequences from a total of 35 tissue-derived MV
clones were determined and amino acid sequences were de-
duced (Fig. 1). Nine clones had the same amino acid sequence
as the wild-type T4 strain did. On the other hand, the remain-
ing 26 clones had unique amino acid sequences differing in one
to three residues from that of the T4 strain. It should be noted
that all 14 wild-type MV strains collected from throat swabs of
typical measles patients (collected in 1995 and 1996) had the
same sequence as that of T4 at both amino acid and nucleotide
levels (data not shown). These results strongly suggest that the
amino acid alterations observed with the 26 tissue-derived MV
clones were not due to artifacts that had been caused during
the RT-PCR amplification but that the mutated MV sequences
were present in the tissue samples, which probably had been
generated during long-term viral persistence in the tissues in
the presence of anti-MV immunity. In individuals with multi-
ple MV-positive tissues, amino acid sequences of the MV
clones often varied with different tissues (Fig. 1), suggesting
that different mutants could arise in an individual. This result
is consistent with a previous observation that a number of
different clones were detected in different areas of the brain of
an SSPE patient (2).

Some of the human tissues were immediately minced, with-
out being frozen, and cocultured with B95-8 cells, a cell line



300 NOTES

TABLE 1. Detection of MV mRNA in autopsied human tissues

No. of MV-positive
cases/no. of total
cases (%)

MV-positive
tissue

Tissue type

BIaIN oo 10/51 (19.6)
.. 7/51(13.7)
4/51 (7.8)
5/50“ (10.0)
9/51 (17.6)

No. of tissues
ONlY ONE .. 15/51 (29.4)
.. 5/51(9.8)
2/51 (3.9)
.. 1/51(2.0)
.. 23/51 (45.1)

“ Spleen tissue was not available for one individual who had had a splenec-
tomy.

highly susceptible to MV field isolates (10), in an attempt to
isolate infectious MV. However, infectious MV could not be
isolated from the autopsied human tissues (data not shown).
This result suggests the possibility that replication competence
of the persisting MV has been impaired drastically due to
accumulated mutations in the viral genome.

In general, replication-competent, nonmutated MV would
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FIG. 1. Alignment of deduced amino acid sequences of part of the nucleo-
protein sequence from tissue-derived MV and a fresh, wild-type isolate of MV.
Residues identical to those of the wild-type T4 strain are indicated by dashes.
Amino acid positions are depicted at the top of the figure. The virus isolate
designation (the patient number and tissue) are shown to the left of the se-
quences. The sequences shown correspond to 7% of the entire sequence of the
nucleoprotein.
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eventually be eliminated by strong immunity against the virus
after recovery from acute measles. Host immune responses are
directed to various antigenic epitopes in MV proteins. As for
the nucleoprotein, a number of cytotoxic T-cell epitopes and
B-cell epitopes have been determined in the murine experi-
mental system (3, 4, 6, 8). The partial nucleoprotein sequence
analyzed in the present study (amino acids 66 to 100) contains
one of the cytotoxic T-cell epitopes and was shown to have
mutations (Fig. 1). Such mutated MV, with highly impaired
replication competence, might escape from the anti-MV im-
mune surveillance to persist in the host without causing appar-
ent symptoms. This idea is in line with previous observations
that MV mRNA and antigens were detected in certain tissues
and cells, including bone marrow cells and peripheral blood
mononuclear cells, obtained from healthy individuals, though
at low frequencies (14, 15). If such an MV mutant regained
replication competence during persistent infection, it could
cause injury to infected cells through cytopathic effect of the
virus and/or antiviral immune responses of the host. In fact,
besides SSPE, possible associations between persistent MV
infection and certain diseases, such as Crohn’s disease (16, 22,
23), otosclerosis (1, 14, 17), Paget’s disease (15, 18), epilepsy
(11), aseptic chronic meningitis (13), and autoimmune hepati-
tis (12) have recently been documented. Further study is nec-
essary to elucidate the mechanism and clinical significance of
MYV persistence in human tissues.

Nucleotide sequence accession numbers. The nucleotide se-
quences reported in this study will appear in DDBJ/EMBL/
GenBank Nucleotide Sequence Databases with the accession
numbers AB006495 to AB006529.
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